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Summary. - T h e  k inet ics  o f  t h e r m a l  inact ivat ion at  4 5  ° C  w a s  i n v e ­
s t i g a t e d  w i t h  d i f f e r e n t  m e a s l e s  v i r u s  s t r a i n s .  T h e  d e c r e a s e  o f  v i r u s  
in fec t iv i ty  w a s  d e t e r m i n e d  b y  p l a q u e  c o u n t i n g  t e s t .  T h e  inac t iva ­
t i o n  ve loc i ty  o f  s t r a i n s  S c h w a r z ,  M o r a t e n ,  W o o d f a l k ,  L 1 6 / S S W ,  
L 1 6 / M o s c o w ,  a n d  L 1 6 / S 3  b a s e d  o n  r e g r e s s i o n  c u r v e  a n a l y s i s  ( v i r u s  
t i t r e s  b y  t i m e )  a l l o w e d  t o  d i v i d e  t h e m  i n t o  3 c a t e g o r i e s  a c c o r d i n g  t o  
t e m p e r a t u r e  sens i t iv i ty .  O u r  r e s u l t s  s h o w e d  t h a t  d e v e l o p m e n t  o f  a 
t h e r m o s t a b l e  m e a s l e s  v a c c i n e  d o e s  n o t  r e q u i r e  s e l e c t i o n  o f  a t h e r -
m o r e s i s t a n t  v i r u s  v a r i a n t  if  c e r t a i n  c o n d i t i o n s  f o r  v i r u s  h a r v e s t  a r e  
f u l f i l l e d .  
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F o r  t h e  d e v e l o p m e n t  o f  t h e r m o s t a b l e  s e c o n d  g e n e r a t i o n  m e a s l e s  v a c c i n e s  
( C o l i n e t  et al., 1982) it is i m p o r t a n t  t o  k n o w  t h e  t h e r m o r e s i s t a n c e  o f  c o r r e s p o n ­
d i n g  viral  s t r a i n s .  A c c o r d i n g  t o  t h e  W H O  r e g u l a t i o n  t h e  v a c c i n e  v i r u s  s h o u l d  
n o t  l o o s e  m o r e  t h a n  1 l o g  o f  i t s  in fec t iv i ty  t i t r e  w h e n  k e p t  f o r  a w e e k  a t  3 7  ° C  
( W H O ,  1981).  I n  a d d i t i o n  t o  f o l l o w i n g  t h e  t e c h n o l o g i c a l  s c h e d u l e  a n d  u s i n g  
a s u i t a b l e  p r e s e r v a t i v e ,  t h e  c h o i c e  o f  v i r u s  s t r a i n  is t h e  m o s t  i m p o r t a n t  p r e r e ­
q u i s i t e  f o r  t h e  p r o d u c t i o n  o f  a t h e r m o s t a b l e  l iv ing  v i r u s  v a c c i n e .  

A l r e a d y  i n  t h e  60- t i e s  t h e  T 5 0  ( t h e r m o s e n s i t i v i t y )  m a r k e r  w a s  c o n s i d e r e d  f o r  
d e t e r m i n a t i o n  o f  t h e  d e g r e e  o f  m e a s l e s  v i r u s  a t t e n u a t i o n ;  t h i s  m a r k e r  w a s  a s s o ­
c i a t e d  w i t h  t h e  v i r u l e n c e  o f  t h e  v i r u s  ( G o r d i e n k o ,  1973).  W e  i n v e s t i g a t e d  t h e  
t h e r m o r e s i s t a n c e  o f  d i f f e r e n t  m e a s l e s  v i r u s  s t r a i n s  i n  t h e  c o u r s e  o f  d e v e l o p ­
m e n t  o f  a t h e r m o s t a b l e  m e a s l e s  v a c c i n e .  T h e  r e s u l t s  o f  s u c h  c o m p a r a t i v e  i n v e ­
s t i g a t i o n s  a r e  p r e s e n t e d  h e r e .  F o r  b e t t e r  a n d  m o r e  p r e c i s e  e s t i m a t i o n s  t h e  
s l igh t ly  m o d i f i e d  m e t h o d  o f  A l b r e c h t  a n d  S c h u m a c h e r  (1972)  w a s  a d o p t e d  t o  
t h e  t r e a t m e n t  t e m p e r a t u r e  o f  4 5  °C.  

Five vaccine s t ra ins  (variants) a n d  a nona t t cnua t ed  strain were  included in to  t h e  investigations.  
All s t ra ins  have been  propagated in V e r o  cells. T h e  infected cells were  incubated  at 32 ° C  o r  35 ° C  
in Eagle 's  M E M  conta in ing  2% calf s c r u m .  W h e n  a b o u t  75% o f  cells showed  C P E  t h e  virus  was  
harves ted;  already 12 - 24 h r  be fo re  harvest  t h e  cells were  kept  in s e r u m - f r e e  m e d i u m .  

For  each thermal  inactivation o f  a virus strain t h e  a m o u n t  o f  vi rus  in t h e  spec imens  was  de te r ­
m i n e d  a f t e r  0,20 and  90 min  o f  the rma l  t r ea tmen t  (45 °C)  us ing  a p l aque  coun t ing  m e t h o d  in V e r o  
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cells under carboxymethylcellulose overlay. Each virus was  tested 3 - 4  times. T h e  following 
calculations were  made:  -, y 
1. linear regression a n a l y s i s ' ^  virus titres (PFU/ml to time t) 

y = a - b . t 
2. logarithmic expression o f  time dependence 

y = a - b . In (t + 1) 
3. exponential expression 

y = a . b ' 1  + " 
In addition to the correlation coefficient (r), the time (ty - l )  could b e  determined which elapsed 

until the virus titre w a s  altered by 1 log. This value was  calculated for  each strain using the 3 dif fe­
rent  equat ions  (1, 2, 3),. while t h e  value chosen corresponded t o  t h e  highest  "r"  coefficient,  i. e .  
with t h e  best  data  correlation t o  t h e  given equat ion.  

Strain L16/SSW was grown f r o m  a randomly selected commercial  vaccine ampou le  (Measles 
vaccine S S W R  Sächsisches Serumwerk, Dresden). T h e  material was  harvested at 50 % CPE, (1st 
harvest), at 75 % CPE (2nd harvest), and at 100% CPE (4st harvest). T h e  virus designated L16/ 
SSW/S3 is a variant from the vaccine strain. T h e  vaccine strain "Moraten" was  prepared f rom 
a single dose  of vaccine "At tenuvax" ( R )  (Merck, Sharp, and Dohme, U. S. A.), strain "Schwarz" 
was  derived f rom "Rimevax" ( R )  (Smith Kline, RIT Belgium). A clone with increased thermostabi­
lity was derived f r o m  t h e  U .  S. S. R. test  vaccine L16 (Gordienko,  personal  communicat ion) .  T h e  
wild strain "Woodfalk"  was kindly provided by Prof, te r  Meulen  (Wiirzburg, F .  R. G.) .  

T a b l e  1 s h o w s  t h e  m e a n  v a l u e s  o f  t h e r m a l  inac t iva t ion  o f  ind iv idua l  m e a s l e s  
s t ra ins ,  w h i c h  c a n  b e  d iv ided  i n t o  3 g r o u p s .  T o  g r o u p  I b e l o n g s  s t r a in  L 1 6 / S S W  
f r o m  h a r v e s t s  2 a n d  4 ,  w h i c h  a r e  t h e  m o s t  s ens i t i ve  t o  t h e r m o i n a c t i v a t i o n .  
P robab ly  cell  e n z y m e s  e scap ing  t o  t h e  m e d i u m  a t  t h e  h i g h  g r a d e  C P E  m a y  b e  
t h e  c a u s e  o f  t h e  t h e r m o l a b l e  b e h a v i o u r  o f  t h e  t w o  ma te r i a l s  f r o m  t h i s  s t ra in .  
G r o u p  I I  c o m p r i s e s  s t r a in  L 1 6 / S S W  a t  t h e  1st h a r v e s t ,  s t r a ins  M o r a t e n  a n d  
Schwarz ,  all s t r a ins  d e r i v e d  f r o m  wor ldwide  u s e d  live vacc ines .  T h e s e  s t r a ins  
b e h a v e  al ike c o n c e r n i n g  t h e i r  ty  - 1  va lues ,  t h e  d i f f e r e n c e s  b e i n g  ins igni f icant .  
F r o m  t h e  p a p e r  o f  A l b r e c h t  et al. (1972) v a l u e s  o f  24.5 a n d  46.1  m i n u t e s  c a n  b e  
ca lcula ted  f o r  s t r a ins  S c h w a r z  a n d  M o r a t e n ,  respect ively ,  w h e n  cor rec t ing  a n  
a p p a r e n t  m i s t a k e  i n  ca lcu la t ion  o f  t h e  inac t iva t ion  c o n s t a n t s  b y  t h e  a u t h o r s .  

v • 
Table 1. Time for reduction of virus titre of measles virus strains by 1 log PFU at 45  °C  

Virus strain t v 0 - l  (min)  calculated by G r o u p  
formula  

L16/SSW, 4th harvest  5.14 (2) I 
L16/SSW, 2nd  harvest 5.30 (2) I 

Schwarz 33.2 (3) II 
Moraten  49.9 (3) II 
L16/SSW, 1st harvest 50.6 (3) II 

L16/SSW/S3 89.7 (1) III 
L16 /SU/thermostable  92.3 (1) III 

Woodfalk  99.4 (3) III 
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T h e i r  data t h e n  s e e m  in accord with t h e  v a l u e s  d e t e r m i n e d  here .  G r o u p  III 
contains  t h e  s trains  W o o d f a l k ,  L16/SU/thermostable  and,  surpris ingly,  a l so  
L 1 6 / S S W / S 3 .  It i s  k n o w n  that  m e a s l e s  v i r u s  wi ld  s t ra ins  a r e  highly  t h e r m o s ­
t a b l e  ( C e r n e s c u  el a/., 1984). W i t h  s o m e  l ike lyhood  s t ra in  L 1 6 / S U / t h e r m o -
s t ab l e  is s u p p o s e d  t o  b e  a c l o n e  se l ec t ed  f r o m  L 1 6 / S U  a n d  t h e  b e h a v i o u r  o f  
L 1 6 / S S W / S 3  c o n f i r m s  t h e  h e t e r o g e n e i t y  o f  t h e  vacc ine  v i rus  L 1 6 / S S W ,  a 
p h e n o m e n o n  k n o w n  f o r  L16  in  g e n e r a l  ( S h t e i n b e r g  et at., 1977). 

T h e  d i s t inc t ion  o f  3 m e a s l e s  v i rus  g r o u p s  acco rd ing  t o  t h e i r  t he rmos tab i l i t y  
is b a s e d  o n  var ia t ion ana lys is  s h o w i n g  a n  i n t e r g r o u p  m e a n  dev ia t ion  ( M D )  o f  
34.99 m i n  a n d  a n  i n t r ag roup  M D  o f  7.98 m i n .  T h e  d i f f e r e n c e s  in  v a l u e  t y o - l  a r e  
s ign i f icant  in  t h e  Sche f f e - t e s t .  O n l y  t h e  d i f f e r e n c e s  b e t w e e n  t h e  ha rves t s  2 a n d  
4 o f  L 1 6 / S S W  o n  o n e  s i d e  a n d  t h e  s t ra in  S c h w a r z  o n  t h e  o t h e r  w a s  n o t  s ignif i­
c a n t  p robab ly  d u e  t o  a smal l  n u m b e r  o f  t e s t s .  Se lec t ion  o f  a h ighly  t h e r m o r e s i -
s t a n t  va r ian t  h a s  b e e n  s h o w n  n o t  b e  a n  essen t i a l  c o n d i t i o n  f o r  o b t a i n i n g  a t h e r ­
m o s t a b l e  m e a s l e s  vaccine ,  if ce r t a in  c o n d i t i o n s  a r e  fu l f i l l ed  i n  p repa ra t ion  o f  
t h e  v i ru s  mate r ia l .  T h e  s t ra in  L 1 6 / S S W  is m o r e  t h e r m o s e n s i t i v e  u n d e r  t h e  
ac t ion  o f  ce l lu lar  e n z y m e s ,  a s  i ts  t h e r m a l  b e h a v i o u r  d e p e n d s  o n  t h e  d e g r e e  o f  
t h e  C P E .  T h e  s t ra in  S c h w a r z  f o r m  t h e  t h e r m o s t a b l e  R imevax R  vacc ine  d o e s  
n o t  d i f f e r  f r o m  o t h e r  widely  u s e d  m e a s l e s  vacc ine  s t ra ins .  H o w e v e r ,  it  s h o u l d  
n o t  b e  h a r v e s t e d  f r o m  cel ls  s h o w i n g  ex t ens ive  C P E .  
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R e f e r e n c e s  

Albrecht ,  P., and  Schumacher ,  H .  P. (1972): Markers  fo r  measles  virus. I. Physical properties.  
Arch. Virusforsch. 36, 23 - 35 

Cernescu ,  C. ,  and  Cajal,  N .  (1984): Ant imeasles  vaccination by natural  rou tes  - experimental  
background and  practical consequences .  Rev. Romm. Med. Virol. 35, 259 - 271. 

Colinet ,  G . ,  and  Peetermans ,  J .  (1982): Behaviour of five commercial  measles  vaccines in an  acce­
lerated stability test.  J. Biol. Standard. 10, 241 - 247. 

Gord ienko ,  N .  M. ,  Yakovleva, G .  S., and  Andzhaparidze,  O.  G .  (1973): Changes  in s o m e  genetic 
markers  of measles virus strain L16 in t he  course  o f  passaging in various cell cultures.  Acta virol. 
17, 366. 

Shteinberg,  L. Sh., and  Gordienko,  N.  M.  (1977): Gene t i c  characteristics o f  c lones derived f rom 
measles  virus strain L16. Acta virol. 21, 383 - 390. 

W H O  (1981): Expanded programme of immunizat ion.  Stability of freeze-dried measles vaccine. 
Wkty. Epidem. Rec. 56, 177 - 178. 


